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i
BREAKERLESS MAGNETO DEVICE

BACKGROUND OF THE INVENTION

Magneto ignition systems are based upon the electri-
cal principle that voltage is generated 1n any conductor
‘which is subjected to a change in magneto flux through
the conductor. More specifically, a sudden collapsing of
the magnetic flux in the core upon which a conductor is
mounted will induce a high voltage which can be ap-
plied to a spark gap for fuel ignition.

The conventional ignition systems for internal com-
bustion engines have used cam actuated breaker points.
The breaker points physically break the magneto coil
circuit to induce a high voltage at the proper time in the
engine cycle to cause sparking action at the spark plug.
With the advent of solid-state switching circuits, many
designers in the ignition art recognized the advantages
of substituting such circuits for the breaker points. Vari-
ous electronic circuits, including transistors and silicon
controlled rectifiers (SCR), were used in place of the
breaker points to interrupt the current to the magneto
or primary winding. The use of an auxiliary pick off coil
to trigger the switching action of the electronic circuit
also was implemented as an appropriate means to con-
trol the timing of the switching action.

The first step in the evolution of breakerless magneto
ignition systems was to connect a semiconductor device
to the primary winding of the magneto coil and rely
upon the coil to carry out its basic function of supplying
a high voltage to the spark plug and also to provide the
additional function which had formerly been performed
by the breaker points.

When the magneto coil was used to provide both
functions, a design tradeoff was necessary. If the solid-
state device was performing its functions perfectly, 1.e.,
allowing no voltage to develop across the primary ter-
minals, then there would be no voltage signal present
from which a spark timing signal could be derived. If a
voltage were allowed to develop across the primary
(which in the practical solid-state situation always oc-
curs) then the efficiency and effectiveness of the spark
system was drastically reduced. In either case, a prob-
lem would exist in that the ideal instant to interrupt the
primary circuit, thereby collapsing the flux field and
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inducing a high voltage in the secondary circuit, is at

the moment of maximum primary current. Any scheme
combining the circuit interrupting function and the
timing function on a single coil winding thereby neces-
sitated a design compromise.

- One solution to the problem was the introduction of
a separate trigger winding mounted with the magneto
coil on a single magnetic core. With a separate winding
on the same core there was no longer unity coupling
between the primary winding and the trigger winding.
With this construction a portion of the voltage induced
in the added winding was generated by magnetic flux
that did not contribute to the current flow in the short
circuited primary. It is clear that if the coupling be-
tween the two windings, the primary winding and the
- trigger winding, were complete, the additional wmdmg
would produce no different results than what had previ-
ously been obtained by usmg the primary winding for
both functions. .

But even with a separate trigger winding mounted on
the same core, the performance of these magneto igni-

tion systems was not satisfactory. Often the resulting
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spark was erratic and unstable in both amplitude and
time.

The present invention overcomes these defects and
produces a better, more stable ignition system. The
primary and trigger windings are mounted on separate,
cores. The core upon which the auxiliary trigger coil 1s
mounted is necessarily located close to and adjacent the
main magnetic core of the magneto for reasons of spark
timing and is operationally substantially isolated mag-
netlca]ly By adjusting the spacmg between the auxil-
iary trigger core and the main core, the instant of spark
occurrence with respect to maximum primary current
can be independently controlled. Spark tunlng with
respect to piston position (or crank angle) is controlled
by angular orientation of the entire magneto assembly.

SUMMARY OF THE INVENTION

The present invention overcomes the problems of the
prior art by providing a magneto ignition system com-
prised of a first magneto core having a first winding
mounted thereon, a second core next adjacent the first
core and positioned inside the first winding, the second
core having a trigger winding mounted thereon, and a
rotor structure having a permanent magnet which pro-
duces a varying flux field in the first and second cores.
The second core, although mounted closely to the first
core, is operationally substantially isolated magnetically
from the first core. A primary circuit is provided for
current build-up in the primary winding. The voltage
pulse generated in the second winding due to the vary-
ing flux field of the rotating permanent magnet is ap-
plied to a solid-state device such as an SCR which inter-
rupts the current in the primary circuit, at or near its
maximum, thereby collapsing the flux field. A high
voltage is induced in the secondary winding of the
magneto coil and is applied to the spark gap for fuel

ignition.
BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, FIG. 1 1s a circuit diagram of a
preferred embodiment of the present invention.

FIG. 2 is a circuit diagram of another preferred em-
bodiment of the present invention.

FIG. 3 is a cross-sectional representation of the core
and coil structures of the present invention.

FIG. 4 is a sectional view of FIG. 3, highlighting the
trigger coil placement and winding structures.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Reference will now be made in detail to the preferred
embodiments of the invention, examples of which are
illustrated in the accompanying drawings.

Referring to FIG. 1, there is shown a circuit diagram
for the breakerless ignition system of this invention. In
accordance with the invention, a semiconductor device
10 is connected across the terminals of the primary
winding 12 of the magneto coil 14. Preferably the semi-
conductor device 10 has first, second and third output
terminals 16, 18 and 20 respectively which for instance

can be the collector, base and emitter of the device 10.

It is preferred that the semiconductor device 10 in-
clude first and second transistors, 22 and 24 respec-
tively, connected in a Darlington arrangement. The
collector and base of the first transistor 22 serve as the
first and second terminals 16 and 18 respectively of the
semiconductor device 10. The emitter of the first tran-
sistor 22 1s connected to the base of the second transistor
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24 and to one end of resistance 26. The other end of
resistance 26 is connected to the emitter of the second
transistor 24 which also serves as the third terminal 20
of the semiconductor device 10.

Preferably the semiconductor device 10 further in-

cludes a diode 29 connected across the collector and
emitter of the second transistor 24. Diode 29 serves to

bypass the reverse direction current which is generated
in the primary winding 12. |

As herein embodied, terminal 18 is connected to one
side of power supply winding 28 through resistance 30.
The other side of the power supply winding 28 1s con-
nected to terminal 20.

According to the invention, means responsive to a
voltage to switch from a conductive to a nonconductive
state is connected across terminals 18 and 20 of semi-
conductor device 10. As herein embodied, the means is
a silicon controlled rectifier (SCR) 32. The silicon con-
trolled rectifier 32 has a gate 34 connected to one end of
trigger coil 36 which is mounted on core 37. The other
end of the trigger coil 36 is connected to terminal 20. A
kill switch 38 is connected across trigger coil 36 and is
operative to short circuit coil 36 thereby turning off the
breakerless ignition system as is discussed below.

As herein embodied, a first core 40 is provided on
which a first winding, the primary winding 12, is
mounted. The power supply coil 28 is also mounted on
the core 40. Preferably means is provided for complet-
ing a circuit through the first winding 12 which can
include the semiconductor device 10 with terminals 16
and 20 respectively connected to the ends of the first
winding 12.

Engine fuel ignition means, here embodied as spark
plug 44, is connected across the magneto coil 14 and
more specifically, as shown in FIG. 1, across the sec-
ondary winding 42. The current generated in the first
winding, primary winding 12, produces a magnetic field
affecting the common core 40 of the primary and sec-
ondary winding which induces a voltage in the second-
ary winding 42 which is applied to spark plug 44.

It will be appreciated that distributor means can be
provided where a multiple cylinder internal combustion
engine is used. The voltage produced in the primary
winding 12 can then selectively be applied to each spark
plug corresponding to the respective cylinders.

A second preferred embodiment of the breakerless
ignition system of the present invention is depicted in
FIG. 2. Like elements of the circuit as shown in FIG. 1
have been identified by the same symbols. In FIG. 2 the
circuit has been modified to eliminate the power supply
winding 28 and to incorporate its function in the pri-
mary winding 12 of the magneto coil 14. By so doing
one winding can be eliminated thereby simplifying the
construction of the breakerless ignition system and im-
proving the efficiency of the primary winding. How-
ever, the efficiency of the semiconductor device 10
would be somewhat impaired when the bias from the
power supply winding is not present.

The construction of the magneto and trigger cores
and their respective windings is shown in FIG. 3. As
herein embodied a first core 40 has a general inverted
U-shape and is positioned adjacent the rotor 48. More
specifically the first core 40 preferably has a leading leg
portion 52 and a trailing leg portion 50. The respective
ends of the leg portions 50 and 52 are positioned so that
a small air gap is maintained between the rotor and the
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As herein embodied the rotor 48 of a non-magnetic
material has a permanent magnet 54 embedded in its
periphery for providing a rotating field or source of flux
for the magneto system. It will be appreciated that
variations can be made in the configuration of the mag-

net and rotor without varying from the concept taught
in this invention.

The rotor 48 is usually cast directly on the shaft from
the internal combustion engine and, as here shown,
rotates in a counterclockwise direction in synchronism

with the engine. The air gap between the first core 40
and the rotor 48 is minimized so that the total reluctance
of the magnetic circuit when the poles of the magnet are
aligned respectively with the legs of the core is small.
When the poles of the magnet are aligned with the end
portions of the legs 50 and 52 most of the flux from the
rotating field member passes through the first core 40.

Preferably and as herein embodied, a second core 37
having a trigger winding 36 mounted thereon is posi-
tioned next adjacent and spaced from the first core 40.
This can be achieved by placement of an insulating
spacer 56 between the trigger winding 36 and core 49.

It has been found to be preferable that the second
core and the trigger winding mounted thereon be posi-
tioned adjacent to the leg 52 of core 40 as shown in
FIG. 3.

As herein embodied the first winding, primary wind-
ing 12, is mounted on leg 52 of core 40 to encompass
both the second core 37 and the second winding 36.
Preferably the second core is positioned parallel to and
next adjacent leg 52.

If a separate power supply winding 28 is provided 1t
is preferably mounted on the primary winding 12 as
shown in FIG. 3. The windings and core structures
required to implement the embodiment of FIG. 2 is the
same as shown in FIG. 3 except that winding 28 is not
required. The secondary winding 42 is mounted on the
power supply winding 28 as shown In FIG. 3. Each of
the respective windings, primary winding 12, power
supply winding 28 and secondary winding 42 are
mounted concentric with the leg 52 of the core 40. It
will be appreciated, although not shown, that ins_ulaj:mg
spacers can be used to position the respective windings
in a proper relationship to one another and to the core

40.
The breakerless ignition system of the present inven-

tion has been used with the internal combustion engine
of a chain saw. The following table shows values for the

respective windings for such an application:

. Winding No. of Turns Size of Wire
Primary 85 21
Secondary 8000 4“4
Power Supply 100 35
Trigger 200 33

The breakerless ignition system of the present inven-
tion operates as follows: As rotor 48 turns, bringing the
magnet poles N and S of permanent magnet 54, into
alignment with the first core 40, a voltage is generated
in the primary winding 12 and in the power s':upPly
winding 28. The voltage in the power supply winding
28 creates a current flow through resistance 30 to the
base of the first transistor 22. Transistor 22 is turned on
which in turn turns on the second transistor 24.

When the second transistor 24 is turned on, a circuit

through the first winding, primary winding 12, is com-
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pleted. There occurs a current build up in the primary
winding 12 and energy is stored in the magnetic field of
the first core 40.

The second core 37 and trigger winding 36 are posi-
tioned inside and adjacent the first leg 52 so that a volt-
age pulse is generated in the trigger winding at the time
that the current in the primary winding 12 is substan-
- tially at its maximum value. The trigger voltage pulse is
applied to the gate terminal 34 of the silicon controlled

rectifier 32 placing it in a conductive state. The flow of 10

current to the primary winding 12 is thereby inter-
rupted.

When the current passes through the silicon con-

trolled rectifier 32, the base drive of the first transistor
22 is removed and in turn the base drive for the second
transistor 24 is also removed turning it off. The mag-
netic field, which at this point has built to a maximum
point, collapses very rapidly and induces a high voltage
in the secondary winding 42. This voltage is clamped by
the spark plug 44 firing or when the primary voltage
reaches the breakdown voltage of transistor 24. Typi-
cally the windings are so designed to allow an output
voltage of at least 15,000 volts before the breakdown
voltage of transistor 24 is reached. This cycle repeats
itself for each firing of the spark plug.

What is claimed is:

1. A magneto ignition system for use with an internal
combustion engine, comprising:

a first core,

a first winding mounted on said first core,

means for completing a circuit through said first

winding,
a second core positioned inside said first winding next
adjacent and spaced from said first core,
a trigger winding mounted on said second core,
a rotor having a permanent magnet for producing

varying flux through said first and second cores to
induce voltages across the respective first winding

and trigger winding, and | |

means responsive to the voltage generated in said
trigger winding for selectively interrupting the
flow of current through said circuit means.

2. The magneto ignition system of claim 1 further
comprising:

engine fuel ignition means for igniting combustible

fuel in said engine, and

means for applying the voltage from said first wind-

~ing to said engine fuel ignition means.

3. The magneto ignition system of claim 1 wherein
said second core is next adjacent and parallel to a por-
tion of said first core.

4. The magneto ignition system of claim 3 wherein
said means for completing a circuit through said first
winding includes a semiconductor device connected
across said first winding.

5. The magneto ignition system of claim 4 wherein
said semiconductor device is a first and second transis-
tor connected in a Darlington arrangement and the
collector and emitter of said Darlington arrangement
are connected to respective ends of said first winding.

6. The magneto ignition system of claim 4 wherein
sald means responsive to the voltage generated in said
trigger winding includes a controlled rectifier con-
nected in parallel with said semiconductor device and
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said first winding, said controlled rectifier having a gate
electrode connected to said trigger winding.

7. The magneto ignition system of claim 1 wherein
said first core is U-shaped having a first and a second
leg, said second core having said second winding
mounted thereon is positioned parallel to and next adja-
cent said first leg, and said first winding is mounted on
said first leg to encompass said second core and said
second winding. |

8. The magneto ignition system of claim 1 further
including a power supply winding mounted on said first
core and connected to said means for completing a
circuit through said first winding.

9. A magneto ignition system for use with an internal
combustion engine comprising: -~

means including at least two magnetic circuits for a
varying flux field having a single rotor and first and
second cores respectively with a first winding
mounted on said first core for generating a voltage
potential and a second winding mounted on said
second core for generating a trigger signal,

said second core and said second winding being posi-
tioned next adjacent and parallel to a portion of
said first core and inside said first winding,

engine fuel igniting means for igniting combustible
fuel in said engine, and | |

means for selectively causing -said voltage potential
generated in said first winding to be applied to said
igniting means, said means being connected to said
second winding and responsive to the trigger signal
for causing said voltage potential to be applied to
said 1gniting means. | |

10. The magneto ignition system of claim 9 wherein
said last mentioned means includes a semiconductor
device connected across said first winding, a controlled
rectifier connected in parallel with said semiconductor
device and said first winding, said controlled rectifier
having a gate electrode connected to said second wind-
ing and responsive to said trigger signal to make said
rectifter conductive.

11. The magneto ignition system of claim 10 wherein
said semiconductor device is a first and second transis-
tor connected in a' Darlington arrangement. .

12. The magneto ignition system of claim 9 further
including a power supply winding mounted on said first
winding and around said first core for supplying power
to said last mentioned means. | |

13. A magneto ignition system comprising:

a core structure including a first.core having a mag-
neto coil mounted thereon and a trigger core posi-
tioned inside said magneto coil next adjacent said
first core and having a trigger winding mounted
thereon, said trigger core and winding being

~ spaced from said first core, .

a rotor structure having a permanent magnet thereon,
said rotor producing a varying flux through said
first and second cores, .

means for completing a circuit through said magneto
coil, and | -

means responsive to the voltage generated in said
trigger winding by said varying flux for interrupt-

ing the flow of current through said circuit.
¢ ¥ =2 = =¥
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